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Background: Some resuscitation services advocate or teach routine manual defibrillator charging prior to a rhythm
check during cardiopulmonary resuscitation.

Objectives: We aimed to review the evidence for anticipatory defibrillator charging compared with charging after a
shockable rhythm is confirmed.

Methods: This scoping review was performed according to a specific methodological framework and the Preferred
Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews. Grey literature was
also reviewed using similar methodology and included in the results.

Results: There are no randomized clinical trials studying anticipatory manual defibrillator charging. The limited
available data does not address critical or important patient outcomes such as defibrillation success, return of
spontaneous circulation, survival to hospital discharge or neurological outcomes. Evidence primarily from
manikin studies and the grey literature suggests that anticipatory charging is feasible, safe, and can reduce the
total pause duration during the period of chest compression between rhythm checks, but can increase the pre-
shock pause and total peri-shock pause duration.

Conclusions: Anticipatory manual defibrillator charging appears to be feasible in the clinical setting, although its
impact on clinical outcomes is uncertain. Future studies of anticipatory charging should focus on clinical
outcomes.

The current standard approach recommends a pause in chest com-

Introduction pressions to identify the cardiac rhythm, followed by further chest
compressions whilst charging the defibrillator (if appropriate) and then a
Rationale further pause in chest compressions while the shock is delivered

(Fig. 1B).

Some national and regional resuscitation services have adopted a
method of manual defibrillation during advanced life support (ALS)
where the defibrillator is charged during chest compressions prior to a
pause in chest compressions to identify the cardiac rhythm (in antici-
pation of a shockable rhythm). The patient is then immediately given a
defibrillation shock or the defibrillator is disarmed, depending on
whether a shockable heart rhythm is identified (Fig. 1A) before chest
compressions resume.

We were not aware of evidence supporting this anticipatory charging
over the current standard approach, as described by the American Heart
Association (AHA) and European Resuscitation Council (ERC).'*

* Corresponding author.
E-mail address: q.otto@nhs.net (Q. Otto).

https://doi.org/10.1016/j.resplu.2020.100004

Prior to guideline changes (AHA in 2005, ERC in 2010) chest com-
pressions were not routinely provided during defibrillator charging
(Fig. 1C).

Objectives

We aimed to review the evidence for anticipatory defibrillator
charging compared with charging after a shockable rhythm is confirmed.
The scoping review methodology was chosen given the apparent sparsity
of evidence. If, following this scoping review, the International Liaison
Committee on Resuscitation (ILCOR) Advanced Life Support (ALS) Task
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Abbreviations

Adult Life Support

CPR Cardiopulmonary resuscitation
AED Automated external defibrillator
ROSC Return of spontaneous circulation
pvT Pulseless ventricular tachycardia

VF Ventricular fibrillation

PEA Pulseless electrical activity

ILCOR International Liaison Committee on Resuscitation
AHA American Heart Association

ERC European Resuscitation Council

Force considered there was sufficient published data on this topic, this
review would progress to a formal systematic review and if appropriate a
meta-analysis to estimate the effect size of the intervention. In addition,
we aimed to identify potential areas for future research.

This work was undertaken as part of the ILCOR ALS Task Force evi-
dence evaluation process.’

The following population, interventions, comparators and outcomes
were decided a priori:

Population: Adults with cardiac arrest in any setting.

Intervention: Charging the defibrillator prior to rhythm analysis
during manual defibrillation.

Comparator: Charging the defibrillator after rhythm analysis during
manual defibrillation.

Outcomes: Given the broad remit of a scoping review we considered

any clinical outcome.
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Fig. 1. Defibrillation methods A: Anticipatory method — charge during chest compressions prior to rhythm check. Disarm defibrillator or dump charge if non-
shockable rhythm B: Standard Method — ERC and AHA guidelines (2010 and 2015). Pause for rhythm check, chest compressions during charging. C: Old Method

- pause for rhythm check, no chest compressions during charging.



Q. Otto et al.

Resuscitation Plus 1-2 (2020) 100004

A — Anticipatory method

a

<&
<

(MAERTA TR £ MWW

b

c

—
d

»
»

B — Standard method

d

I s A

a b
>
c

C — Old method

MAN\AMMN\_‘!MMMN\AN\/\

'z

»
PR

=

»
»

Key

i

Chest compressions

Pause for rhythm
check

Defibrillator charging

Defibrillation shock

Fig. 2. Pauses during different defibrillation methods. A: Anticipatory method.. B: Standard method. C: Old Method a: Pre-shock pause. b: Post-shock pause c: Peri-

shock pause (a+b) d: Rhythm check pause.

The ILCOR ALS Task Force ranked a priori critical outcomes as sur-
vival with favourable neurological outcome at discharge or 30 days or
greater and survival to discharge or 30 days or greater. Return of spon-
taneous circulation (ROSC) was ranked as an important outcome. These
outcomes are in accordance with the ILCOR Core Outcome Set for Car-
diac Arrest (COSCA) in Adults.®”

Other relevant outcomes of interest that were identified included
defibrillation success, pre-shock pause, post-shock pause, peri-shock
pause, hands-off time, hands-on time, compression fraction, inappro-
priate shocks, shocks during chest compression (shock to rescuer) and
any other defibrillation measure.

Methods
Protocol
A specific review protocol for this scoping review was agreed and

approved beforehand according to the International Liaison Committee
on Resuscitation (ILCOR) Task Force Scoping Reviews (TFScR) Guidance

v 1.0° on 29 Sept 2019.

This review follows a recommended methodological framework® and
the Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR).8

Eligibility criteria

Study Designs: Human and manikin studies included. Randomized
controlled trials (RCTs) and non-randomized studies (non-randomized
controlled trials, interrupted time series, and controlled before-and-after
studies, cohort studies) were eligible for inclusion. Unpublished studies
were excluded, but any relevant grey literature was noted for discussion.
Grey literature includes resources that were not produced for peer-
reviewed academic publication (e.g. documents, guidelines, training
manuals, abstracts, conference posters.ll’lg)

Timeframe and languages: All years and all languages included.
Studies without a title in English were excluded.



Resuscitation Plus 1-2 (2020) 100004

Records excluded
(n=612)

Reviewer agreement
kappa 0.94

Full-text articles
excluded, with reasons
(n=12)

e Did not meet inclusion
criteria (n=5)

e Conference Abstract
or Poster (n=4)

e AED not manual
defibrillation (n=2)

e  Trial Protocol (n=1)
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Fig. 3. PRISMA flow diagram.

Information sources

Email correspondence (2015-2019) between members of the Inter-
national Liaison Committee on Resuscitation Task Force groups and re-
sponses from representatives from national resuscitation councils
identified that there is widespread adoption and teaching of the antici-
patory charging method in (but not limited to) Australia, New Zealand,
the Netherlands and parts of the USA. Training manuals and course al-
gorithms were also reviewed from different Australian resuscitation
services.

A formal literature search strategy was developed and a search
completed using HDAS (Healthcare Databases Advanced Search).'” The
databases searched were EMBASE (1974 to present), MEDLINE (1946 to
present) and Cochrane, on 7 October 2019. The full search strategy is
presented in supplementary Appendix Al.

Selection of sources of evidence

The search results were screened independently using title and ab-
stract for relevance to the PICOST by two individuals (QO and SM).
Included studies were put forward for full paper analysis. There was good
reviewer agreement (kappa 0.94). A third reviewer (JS) reviewed the

papers where there was disagreement regarding inclusion. Review of full
texts and data abstraction was completed by three reviewers (QO, SM
and JS).

Some relevant but excluded studies and results from the grey litera-
ture were also reviewed and are included in supplementary Appendix A2.

The inclusion of grey literature in the qualitative review and narrative
discussion of this topic was undertaken due to the limited body of pub-
lished evidence relating to the subject and the importance of assessing a
broad range of sources as part of the scoping review process.'! 13

Data charting process

Data was charted using the format outlined in the International
Liaison Committee on Resuscitation (ILCOR) Task Force Scoping Reviews
(TFScR) Guidance v 1.0.° Data were charted collaboratively by two re-
viewers (QO and SM) and iteratively discussed and updated. The data
were ratified by a third reviewer (JS).

Data items

We abstracted data on article characteristics (date, location),
methods, population of both practitioners/providers and recipients,
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Table 1
Characteristics of sources of evidence.
Reference Method Setting Population Outcomes
reported
Edelson, Multi-centre Three 680 charge Pre-shock
2010 retrospective teaching cycles from 244  pause
study hospitals, in-hospital Post-shock
HUMAN United cardiac arrests pause
States involving 225 Total hands-off
distinct patients  time in 30 s
April 2006 to preceding
April 2009 shock
Inappropriate
shocks
Shocks to
rescuers
Hansen, Single-centre Regional Volunteer Hands-off time
2013% Randomized hospital, junior
crossover Denmark physicians
study confronted with
MANIKIN simulated adult
cardiac arrest,
randomly
assigned arrest
rhythm of both
pulseless VT
(pVT) and
asystole (AS).
10 physicians
for comparison
with ERC 2005
and 12 for ERC
2010
Kemper, Single-centre Unclear, 243 Medical No flow time
2019'° randomized Germany Students Peri-shock
controlled presented with pause
study. randomly Pre-shock
MANIKIN sequenced pause
pulseless VT Post-shock
(pVT), VF or pause
asystole (AS) Number of
peri-shock
pauses longer
than 5s
Total pause
Koch Single-centre University 29 Volunteer Hands-off time
Hansen, randomized hospital, cardiology percentage
2016'7 crossover Denmark physicians
study randomly
MANIKIN assigned roles in

an arrest team
and confronted
randomly with
different arrest
rhythms (pVT,
VF, PEA, AS) in
11 simulated
adult cardiac
arrest scenarios.
Oral command
for control or
intervention
algorithm.

interventions, comparisons and outcomes of included studies.
Pause times were defined as follows (Fig. 2):

e Pre-shock pause- time from cessation of chest compression to shock

delivery.

e Post-shock pause — time from shock delivery to commencement of

chest compression.

e Peri-shock pause - the total pause in chest compression either side of
shock delivery (sum of pre-shock and post-shock pause).

Resuscitation Plus 1-2 (2020) 100004

e Rhythm check pause - the time taken to diagnose the cardiac arrest
rhythm and any associated clinical assessment (e.g. pulse check).
Depending on the algorithm used this may be a distinct pause or a
constituent of the pre-shock pause.

e Total hands-off time — the sum of all pauses in chest compression per
cycle of CPR.

Any data relating to defibrillation safety were also charted.

Further excluded but relevant grey literature was included in a
separate table for discussion, using the same methodology and charting
process (Supplementary Appendix A2, Table Al).

Synthesis of results

Included articles were grouped by study type into human and
mannikin studies. The studies were summarised by two reviewers (QO
and SM) to outline the key outcomes that were identified, along with any
safety data and the limitations of the studies. Narrative conclusions were
drawn for each study. The synthesis was edited by a third reviewer (JS).

Results

The results of the search and selection of sources of evidence are
summarised in the PRISMA flow diagram (Fig. 3). Characteristics and
results of sources of evidence are summarised in Tables 1 and 2.

In the only human study,'* anticipatory charging led to a shorter total
hands-off time in the 30 s preceding the shock. No clinical outcome
measures were reported. One rescuer was accidently shocked with the
anticipatory method. The manikin studies report discrepant results. In
Hansen et al.'® anticipatory charging led to an overall reduction in
hands-off time, the result being mainly driven by the shockable side of
the algorithm. In Koch Hansen et al.'” the mean hands-off time was also
lower in the anticipatory charging group (referred to in this study as
Stop-Only-While-Shocking). In Kemper et al.'® the anticipatory method
led to longer peri-shock, pre-shock and post-shock pauses, as well as a
larger number of peri-shock pauses exceeding 5 s, but shorter total pause
time. In terms of safety, there was no difference in inappropriate shocks
between anticipatory charging and the standard method in the patient
study. In addition, this study found no differences in seventeen defibril-
lation safety items, apart from a warning before defibrillation being issued
less reliably in the anticipatory method (p = 0.026). The key results are
summarised in Table 3.

Discussion
Summary of evidence

We identified no randomized controlled clinical trials in humans
addressing this topic.

The single human observational study'* was not designed to answer
this question, did not report any critical or important outcomes (survival,
neurological outcome, ROSC), and the relevant data for this review came
from a subgroup analysis. In addition, no reason for the subgroup using
an anticipatory charging method is given.

The human'® and manikin studies'®>'” suggest that charging the
defibrillator in anticipation of the rhythm check, and shocking or
disarming as appropriate, increases the pre-shock pause and the
peri-shock pause, but decreases the total number of pauses and hands-off
time (Fig. 2).

We do not know the relative contribution of each of these pauses to
critical and important outcomes. However, peri-shock pause is an
important metric associated with key outcomes during resuscitation.
Longer pauses worsen outcomes'®!° and a shorter pre-shock pause is
associated with increased defibrillation success.?’ Direct comparison of
peri and pre-shock pauses between different defibrillation methods,
however, is difficult and may not be valid as the nature of different



Q. Otto et al.

Table 2

Results of individual sources of evidence.
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Reference

Intervention

Comparison

Edelson, 2010
[14]

Charging defibrillator
prior to rhythm
analysis

[If VF/pVT give shock]

[Anticipatory method]
n = 67 shocks

Charging defibrillator after
rhythm assessment with
ongoing chest compressions
[AHA method]

n =255

Hansen, 2013
[15]

Charging the
defibrillator while
ongoing
compressions, then
pausing for rhythm
check and shocking if
indicated (pVT) or
disarming if not (AS).

ERC 2010 guideline algorithm,
pausing for rhythm check, if pvVT
- compressions during charging
and pause for shock before

continuation of compressions

Kemper, 2019
[16]

Anticipatory
defibrillator charging
(ADC)

n=75

ERC 2010 guideline algorithm
(ERC), pausing for rhythm
check, if VF or pVT -
compressions during charging
and pause for shock before

continuation of compressions

n=128

Koch Hansen,
2016
171

Stop-Only-While-
Shocking (SOWS) -
charging the
defibrillator before
rhythm check, while
ongoing chest

compressions

ERC 2010 guideline algorithm
(ERC), pausing for rhythm
check, if VF or pVT -
compressions during charging
and pause for shock before

continuation of compressions

Outcomes
Results from anticipatory subgroup analysis.
Anticipatory method AHA method p-value
Pre-shock pause,
. 3.8 (2.4-5.4) 2.5(1.8-3.3) 0.08
median (IQR), s
Post-shock pause, 2.2 (1.6-3.5) 17(1325) 039
median (IQR), s
Hand-off time in 30 s 3.9 (2.4-5.6) 115 (9.1-14.5)  <0.001
preceding shock
Inappropriate shocks, 13/67 (19.4) 45/255 (17.6)  0.74
n/total (%)
Shocks to rescuers, 1/67 (1.5) 0/255 (0.0) 0.05
n/total (%)
Results from ERC 2010 subgroup analysis. Reported as mean (95% Cl)
Alternative
ERC 2010 p-value
sequence
Hands-off time 3.9(3.4-4.4) 56(45-68)  <0.01
(overall), s
Hands-off time (pVT 4.5 (3.7 -5.3) 7.6 (6.0-9.3) <0.01
scenarios), s
Hands-off time Not reported Not reported
ns
(asystole scenarios), s numerically numerically
Results reported as mean (SD)
Anticipatory
ERC 2010 p-value
method
No-flow time, s 25.8 (7.4) 27.4 (8.4) 0.19
Peri-shock pause, s 9.5 (2.8) 3.3(1.9) <0.001
Pre-shock pause, s 6.9 (2.8) 1.6 (1.3) <0.001
Post-shock pause, s 2.6 (0.9) 1.7 (1) <0.001
Total pause, s 9.5 (2.8) 10.9 (3.3) 0.03
Number of peri-shock
1.8 (0.5) 0.2 (0.5) <0.001
pauses >5s
Reported as percentage of entire simulation (SD)
SOWS ERC 2010 p-value
Mean hands-off time
%) 22.1(2.3) 26.6 (4.8) 0.04
0,

pauses changes with the different defibrillation sequence used (Fig. 2).
Little has been reported on post-shock pauses, but one manikin study
showed that the post-shock pause time is longer with anticipatory

charging.'®

The available evidence provides very limited information about the
relative safety of the two defibrillation strategies. We note that in the one
human study,'* a single rescuer received an accidental shock in the
anticipatory shock group, but continued to provide compressions. There
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Table 3
Synthesis of results. *p<0.05
Pre-shock Post Shock Peri-shock Hands-off time/
Pause (s) Pause (s) Pause (s) Total pause
(s, unless stated)
Standard | Anticipatory | Standard | Anticipatory | Standard | Anticipatory | Standard | Anticipatory
Edelson 11.5* 3.9*
2[‘1’1? 25 38 17 22 (61145 | (2456)
(median (1.8-3.3) (2.4-5.4) (1.3-2.5) (1.6-3.5) s, in 30 seconds prior o
IQR) shock
Hansen
2[(1);;’: 5.6* 3.9
(mean, (4.5-6.8) (3.4-4.4)
95% Cl)
Kemper
"}‘1’;? 16* 6.9 17* 26* 3.3* 9.5* 10.9* 9.5*
(mean, (1.3) (28) (1.0) (0.9) (1.9) (2.8) (3.3) (2.8)
SD)
Koch 26.6* 22.1*
Hansen 4.8) (2.3)
2016
(n[11;7a]n % hands off time entire
) ' simulation

was no evidence of harm to patient or rescuer in the included studies.

These two defibrillation strategies are primarily for a pads-based
approach for manual defibrillation, which is the technique recom-
mended by the ERC and the predominant method used in organised
resuscitation systems other than for the management of burns patients
(where burns may preclude the use of self-adhesive pads). Hansen'®
compared a study group using paddles, which showed similar differences
for defibrillator pre-charging to that documented with adhesive pads.

We have also reviewed abstracts, posters, letters and related publi-
cations but these do not provide any new information. A summary table
is outlined in supplementary Appendix A2, Table Al.

The consensus of the ILCOR ALS Task Force was that there were
insufficient studies in terms of quality, homogeneity and quantity to
support progressing to a systematic review on this topic.

It appears feasible to charge the defibrillator in anticipation of a
rhythm check in and out of hospital, and cognitive aids have been used
successfully in resuscitation systems to achieve this.?"*> One such
cognitive aid which has not been formally evaluated or endorsed by
ILCOR is the ‘C.0.A.C.H.E.D.’ cognitive aid for defibrillation®! (Continue
compressions, Oxygen away, All others away, Charging, Hands off,
Evaluate, Defibrillate or Disarm). This tool is already widely used in
Australia and is used for teaching on accredited ALS courses, though It
does not form part of the published ARC recommendations.?® Coggins?!
showed that with training, the cognitive aid was applied correctly in 92
of 109 defibrillations, and correct cognitive aid use had a shorter median
length of peri-shock pause time. Again, no unsafe defibrillation practices
were observed.

It is likely that human factors and team skills have a significant impact
on how well the anticipatory method works. An observational study in
real cardiac arrests reported that long pauses before defibrillation are
likely due to human factors during the resuscitation and not due to
inherent difficulties with rhythm identification.>* A randomized manikin
study using standard non-anticipatory defibrillation methods showed
that ‘Hands-on time and time to defibrillation’ are significantly worse
with ad-hoc teams or when leadership is poor compared to teams with
teambuilding and organisation.?” Finally, anticipatory charging is a new
technique. Use of this new unfamiliar technique could have led to
underperformance compared to with the standard approach, unless
teams had achieved mastery in its use.?®

Limitations

As a scoping review we have not performed a systematic synthesis of
research findings. We did not systematically address the quality of evi-
dence identified or potential bias. We have identified the key available
evidence, gaps in the literature and drawn narrative conclusions.

We did not specifically look at:

New defibrillator technologies that filter the effect of movement
during chest compression. The aim of this technology is to show the
‘underlying’ cardiac arrest rhythm to allow manual interpretation
during ongoing compressions without the need for a pause to assess
the heart rhythm. If used, this technology could would remove the
need to pause for a rhythm check. So far, few centres use these

technologies and the outcome benefit of this technology is uncertain.
27-29

Modern defibrillators charge very rapidly (most commercially avail-
able defibrillators will charge to 150J in manual mode within 3 s on
full battery charge).>**! In current usual practice, if chest compres-
sions are given during charging only, this could lead to time for very
few chest compressions to be delivered, which may not be of any
benefit. The human factors and safety aspects of starting compres-
sions and re-assuming a safe position for shock delivery in an
attempted 3 s window may result in unnecessary delays or safety
concerns. Compressing for a fixed period (e.g. 15 or 30 s) prior to
shock delivery would remove any issues caused by the time taken for
the defibrillator to charge.

e Anticipatory charging may result in earlier defibrillation of shockable
rhythms, as the time from identification of shockable rhythm to shock
delivery is reduced, though no data were identified to address this
specifically.

Conclusions

Anticipatory manual defibrillator charging appears to be feasible in
the clinical setting. Anticipatory defibrillator charging can reduce the
overall chest compression pause duration, but may result in longer pre-
and peri-shock pause duration.

New technologies may remove the need for pausing chest compres-
sions for rhythm analysis.
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The impact of anticipatory manual defibrillator charging on clinical
outcomes is uncertain. Future studies of anticipatory charging should
focus on clinical outcomes.
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